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2 . 1 　マクロ生産関数
以下では，Y（> 0 ）を集計された生産物，K


















ҎԼͰ͸ɺY (> 0) Λूܭ͞Εͨੜ࢈෺ɺK(> 0) Λूܭ͞ΕͨࢿຊετοΫɺL(> 0) Λ࿑ಇ౤ೖྔͱ͢
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͜ΕΒ͸ɺҰൠతʹ࢖ΘΕΔԾఆͰ͋Ζ͏ɻಛʹ (1)͸ F ͕ 2֊࿈ଓศՄೳͰ͋Δ͜ͱ͓Αͼ (6)ࣜ͸ϚΫ
ϩੜ࢈ؔ਺ͷ 1࣍ಉ࣍ੑΛҙຯ͢Δɻ͜ͷੑ࣭Λར༻͠ɺk := K
L
ͱॻ͘͜ͱʹ͢Ε͹ɺϚΫϩੜ࢈ؔ਺͸Ұ
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ਓ͋ͨΓࢿຊ k ͷΈͷؔ਺ͱͯ͠ॻ͖ͳ͓͢͜ͱ͕Ͱ͖Δɻ










f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ
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K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ
L(t) = eηtL(0) i.e. L˙(t) = ηL(t) L(0) > 0 (13)




= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ

























f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ









＝ 0 の時点で，K（0）＝K0 > 0 が存在するとす
る。また，労働者数 L（t）は一定率（η> 0 ）で
増えるとしよう。
ਓ͋ͨΓࢿຊ k ͷΈͷؔ਺ͱͯ͠ॻ͖ͳ͓͢͜ͱ͕Ͱ͖Δɻ










f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ Α͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅ ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧ ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ ɻ·ͨɺ࿑ಇऀ਺ L(t)͸ ఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ

















f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ F k < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = ˙ (t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱ ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇ 1ਓ͋ͨΓ λʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ






















f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f ·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = + , lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ
L(t) = eηtL(0) i.e. L˙(t) = ηL(t) L(0) > 0 (13)
͜͜Ͱɺ࿑ಇྔͷॳظ஋ L(0)͸ॴ༩ͱ͢Δɻ
·ͨɺK˙(t)ͷఆٛʹΑΓ࣍ΛಘΔɻ
K˙(t) = dk(t)L t)
dt
= L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ

















f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨ ͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋ ɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ
k˙(t) = f(k(t))− (δ + η)k(t)− c(t) (16)
͜Ε͸৽ݹయ೿ܦࡁ੒௕Ϟσϧʹ͓͚ΔҰਓ͋ͨΓࢿຊ k˙(t)ͷيಓΛද͢ඍ෼ํఔࣜͰ͋Δɻ
2.2 ফඅऀ














f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL ) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ ΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ








＝C + I を労働者一人あたりのタームで表せ
ば，
ਓ͋ͨΓࢿຊ k ͷΈͷؔ਺ͱͯ͠ॻ͖ͳ͓͢͜ͱ͕Ͱ͖Δɻ










f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ




















f ′(k) > 0 (⇐⇒ FK > 0) (8)
f(k)− kf ′(k) > 0 (⇐⇒ FL > 0) (9)
f ′′(k) < 0 (⇐⇒ Fkk < 0) (10)
·ͨɺҰਓ͋ͨΓͷϚΫϩੜ࢈ؔ਺ f(·)࣍ͷΑ͏ͳԾఆΛઃ͚Δɻ
f(0) = 0, lim
k→0
f ′(k) = +∞, lim
k→∞
f ′(k) = 0. (11)
ޙΖͷ 2ͭͷ৚݅͸ɺInada ৚݅ͱݺ͹ΕΔɻ
͜ͷϞσϧͰ͸੓෎͓Αͼւ֎෦໳Λࣺ৅͢Δɻ͕ͨͬͯ͠ɺϚΫϩ࢈ग़ྔ Y ͸ຽؒফඅ C ͱຽؒૈ౤ࢿ
I ͱͯ͠ࢧग़͞ΕΔɻຽؒૈ౤ࢿ͸ࢿຊετοΫ K ͷ૿Ճ෼Λߏ੒͢Δɻ͔͠͠ɺࢿຊετοΫʹ͸ɺࢿຊ
ݮ໣͕͋ΓɺͦΕ͸ຖ೥ࢿຊετοΫͷҰఆ཰ͩͱ͠Α͏ɻͭ·Γɺ
I(t) = K˙(t) + δK (12)
͕੒Γཱͭͱ͍͏͜ͱͰ͋Δɻ͜͜Ͱ δ > 0͸ࢿຊͷݮ໣཰Ͱ͋Δɻ·ͨɺࢿຊετοΫ͸ t = 0ͷ࣌఺Ͱɺ
K(0) = K0 > 0͕ଘࡏ͢Δͱ͢Δɻ·ͨɺ࿑ಇऀ਺ L(t)͸Ұఆ཰ (η > 0)Ͱ૿͑Δͱ͠Α͏ɻ





= k˙(t)L(t) + k(t)L˙(t) = k˙(t)L(t) + k(t)ηL(t) (14)
͜͜Ͱɺc := C
L
ͱදه͢Δ͜ͱʹ͢ΔͱɺY = C + I Λ࿑ಇऀҰਓ͋ͨΓͷλʔϜͰදͤ͹ɺ
f(k(t)) = k˙(t)− δk(t)− c(t) (15)
(14)ࣜΛɺ࿑ಇऀ 1ਓ͋ͨΓͷλʔϜʹ௚͠ɺ(15)Λߟྀ͢Δͱ࣍ͷࣜΛಘΔɻ



















u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ





u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ





u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ





: R −→ R ∈ C(2) 7
(c) > 0 ∀c 0 8
u′′(c) < 0 ∀c > 0 19
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅ ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ ͱಉ༷ͳ৚݅Ͱ͋Γ Inada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), 5




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagr ngian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ














u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ i Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangi n (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ
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ؒతޮ༻ؔ਺ u(c(t))ʹ͍ͭͯ͸࣍ΛԾఆ͢Δɻ
u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ






u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ











u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t) + λ(t) (f(k t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ





u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ





u : R − R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ







u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀ > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹ ͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangi n (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ








u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ ͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ ݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ(t), µ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ
*1 ͋Δ͍͸ɺL(0) = 1ʹਖ਼نԽ͞Ε͍ͯΔͱ͍ͬͯ΋ྑ͍ɻ




u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangia
͜ͷ໰୊Λղͨ͘Ίʹ͜͜Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L c(t), k(t), λ(t), µ t)) := u(c(t)) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ





u : R −→ R ∈ C(2) (17)
u′(c) > 0 ∀c > 0 (18)
u′′(c) < 0 ∀c > 0 (19)
lim
c→0
u′(c) = +∞, lim
c→+∞
u′(c) = 0 (20)
͜ΕΒ͸ɺ͠͹͠͹ಛఆԽ͞ΕΔؔ਺ܗ͕ຬ͍ͨͯ͠Δ৚݅Ͱ͋Δɻಛʹ (20)ࣜ͸ɺҰਓ͋ͨΓϚΫϩੜ࢈
ؔ਺ʹ՝ͨ͠ͷͱಉ༷ͳ৚݅Ͱ͋ΓɺInada-like ৚݅ͱݺΜͰ͓͜͏ɻ









u(c(t))e−(ρ−η)tdt ∀t > 0 (22)
͜͜Ͱ͞Βʹ࣍ͷΑ͏ͳԾఆΛஔ͘ɻ
ρ > η (23)








s.t. k˙ = −(δ + η)k(t)− c(t), (25)




c(t) ≧ 0 (27)
2.3 ܦৗՁ஋ dynamic Lagrangian
͜ͷ໰୊Λղͨ͘Ίʹ͜ Ͱ࣍ͷΑ͏ͳؔ਺Λఆٛ͢Δɻ
L(c(t), k(t), λ t), µ( )) := u(c( )) + λ(t) (f(k(t))− c(t)− (δ + η)k(t)) + µ(t)c(t) (28)
͜Ε͸ܦৗՁ஋ dynamic Lagrangian (current value dynamic Lagrangian)ͱݺ͹ΕΔఆࣜԽͰ͋Δɻ͜͜
Ͱ c(t)͸੍ޚม਺ (control variable)*2ɺk(t)͸ঢ়ଶม਺ (state variable)ɺλ(t)͓Αͼ µ(t)͸ਵ൐ঢ়ଶม਺
(costate variable)Ͱ͋Δɻ














L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)




͜ΕΒͷத ɺ(32)͸ɺফඅيಓͱͦΕʹର͢Δ shadow priceͷ૬ิεϥοΫੑΛҙຯ͍ͯ͠Δɻ͔͠͠ɺ
͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η λ(t)− ∂
∂k(t)
(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t ) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 ( 0)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙ t = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t , k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) kS(δ, η, ρ) (t ) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙( ) = (ρ η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > t ( 6)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k kS(δ, η, ρ) (t ) 1







L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t) − (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ ) = u′′(c(t) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L c(t), k(t), λ(t , µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
µ t
t , t , t , t · µ = c(t)µ t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t , µ(t)) = λ(t) (δ + (ρ η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′( )− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) δ + η + (ρ− η)− f ′(k(t) ) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) f(k(t))− (δ + η) k(t)− (t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c > 0 ∀t > 0 (36)




(c(t), k(t), (t), (t)) u′′(c ) < 0 (38)
k
, , , = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; , c (t; δ, , ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c , k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L c , k(t), λ , µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ − ∂
∂k(t)
L(c , k(t), λ , µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙ t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c , k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c k , λ(t), µ(t)) · µ t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ t)− ∂
∂k(t)
L(c t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ (t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
(c(t), k(t), (t), (t)) c(t ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k( ), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)




͜ΕΒͷதͰɺ(32)͸ɺফඅيಓͱͦΕ ର͢Δ shadow priceͷ૬ิεϥοΫੑΛҙຯ͍ͯ͠Δɻ͔͠͠ɺ
͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > ( 6)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t , k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)





u′(c(t))− λ(t) + µ(t) = 0 29
µ
c(t) ≧ 0 0
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t) · µ(t c(t)µ(t) = 0 2
λ˙(t) = (ρ− η)λ(t)−
k
, , , λ t) (δ + η + (ρ− η)− f ′ k(t))) 3
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t) f(k(t))− (δ + η) k(t)− c(t) 4





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 6
µ(t) = 0 ∀t > 0 (37)
࠷దԽͷे෼৚݅͸࣍ͷΑ͏ʹ؆୯ʹ֬ೝͰ͖Δɻ
c
u′′(c(t)) < 0 8
∂2
∂k(t)2
(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k t), λ(t), µ(t ) = c ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత impli a ionΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c t) > 0 ∀t > 0 ( 6)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)











L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂µ
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t ) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k t))) (33)
k˙(t) = ∂
∂λ(t)
L( (t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L c(t), k , λ(t), µ(t)) c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k ))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)




きる。＊ 1 　あるいは，L（0）= 1 に正規化されているといっても良い。
＊ 2 　変数というよりも汎関数（functional）を構成する軌
道というべきものだが，通常の用語に従う。以下も同様。






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)




L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






(c(t), k(t), λ(t), µ(t)) u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
(c(t), k(t), λ(t), µ(t)) λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t µ(t) = 0 (32)
λ˙ t) = (ρ− η)λ(t)− ∂
∂k(t)
L c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)





u′(c(t))− λ(t) + µ(t) = 0 29
∂
∂µ(t)
L c(t), k(t), λ(t), ) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t c µ(t) = 0 2
λ˙(t) = (ρ− η)λ(t)−
k
λ t) (δ + η + (ρ− η)− f ′(k(t))) 3
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t) f(k(t))− (δ + η) k(t)− c(t) 4





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




u′′(c(t)) < 0 8
∂2
∂k(t)2
(c(t), k(t), λ(t), µ(t)) λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)






L(c(t), k(t), λ(t), µ(t)) = u′(c(t))− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) c(t)µ(t) = 0 ( 2)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)
µ(t) = 0 ∀t > 0 (37)
࠷దԽͷे෼৚݅͸࣍ͷΑ͏ʹ؆୯ʹ֬ೝͰ͖Δɻ
= u′′(c(t)) < 0 (38)
∂2
∂k(t)2
(c(t), (t), (t), (t)) = λ(t)f ′′(k(t)) < 0 (39)
2
c(t)2
(c(t), (t), (t), (t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗ ; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)





L(c(t), k(t), λ(t), µ(t ) = u′(c(t )− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t ) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t ) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t ) = λ(t) (δ + η + (ρ− η)− f ′(k(t ) ( 3)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t ) = f(k(t )− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t ) = u′′(c(t ) < 0 (38)
∂2
k(t)2
(c(t), k(t), λ(t), µ(t ) = λ(t)f ′′(k(t ) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t ) ∂
2
∂k(t)2





= λ(t)f ′′(k(t )u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; , c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)





L c(t), k(t), λ(t), µ(t ) = u′ c(t )− λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L c(t), k(t), λ(t), µ(t ) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L c(t), k(t), λ(t), µ(t ) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L c(t), k(t), λ(t), µ(t ) = λ(t) (δ + η + (ρ− η)− f ′( (t ) (33)
k˙(t) = ∂
∂λ( )
L c(t), k(t), λ(t), µ(t ) = f(k(t )− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k(t), λ(t), µ(t ) = u′′ c t ) < 0 (38)
∂2
∂k(t)2
L c(t), k(t), λ(t), µ(t ) = λ(t)f ′′ k(t ) < 0 (39)
∂2
∂c(t)2
L c(t), k(t), λ(t), µ(t ) ∂
2
∂k(t)2





= λ(t)f ′′(k(t )u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) − kS(δ, η, ρ) (t + ) (41)





L(c t), k(t), λ(t), µ(t) = u′(c t) − λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c t), k(t), λ(t), µ(t) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c t), k(t), λ(t), µ(t) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c t), k(t), λ(t), µ(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t) (3 )
k˙(t) = ∂
∂λ(t)
L(c t), k(t), λ(t), µ(t) = f(k t) − (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c t), k(t), λ(t), µ(t) = u′′(c t) < 0 (38)
∂2
∂k(t)2
L(c t), k(t), λ(t), µ(t) = λ(t)f ′′(k < 0 (39)
∂2
∂c(t)2
L(c t), k(t), λ(t), µ(t) ∂
2
∂k(t)2





= λ(t)f ′′(k(t) u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady sta e)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)
















L(c(t), k(t), λ(t), µ ) = u′(c(t)) λ(t) + µ(t) = 0 (29)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ ) = c(t) ≧ 0 (30)
µ(t) ≧ 0 (31)
∂
∂µ(t)
L(c(t), k(t), λ(t), µ(t)) · µ(t) = c(t)µ(t) = 0 (32)
λ˙(t) = (ρ− η)λ(t)− ∂
∂k(t)
L(c(t), k(t), λ(t), µ(t)) = λ(t) (δ + η + (ρ− η)− f ′(k(t))) (33)
k˙(t) = ∂
∂λ(t)
L(c(t), k(t), λ(t), µ(t)) = f(k(t))− (δ + η) k(t)− c(t) (34)





͢΂ͯͷ tʹؔͯ͠ c(t) = 0͸ܦࡁֶత implicationΑΓɺআ֎ͯ͠΋ྑ͍ɻ͕ͨͬͯ͠ɼ͕࣍ै͏ɻ
c(t) > 0 ∀t > 0 (36)




L(c(t), k t), λ(t), µ(t)) = u′′(c(t)) < 0 (38)
∂2
∂k(t)2
L(c(t), k(t), λ(t), µ(t)) = λ(t)f ′′(k(t)) < 0 (39)
∂2
∂c(t)2
L(c(t), k(t), λ(t), µ(t)) ∂
2
∂k(t)2





= λ(t)f ′′(k(t))u′′c(t) > 0 (40)




લ߲Ͱड़΂ͨɺඞཁ৚͔݅Βಋ͔ΕΔղيಓ k∗(t; δ, η, ρ), c∗(t; δ, η, ρ) ͸ͦΕͧΕɺ࣍ͷΑ͏ͳఆৗঢ়ଶ
(steady state)ʹؼண͢Δɻ
k∗(t; δ, η, ρ) −→ kS(δ, η, ρ) (t→ +∞) (41)





(c(t , k(t), (t), t)) ′ c(t)) (t) (t) 0 (29)
∂
∂ (t)




(c(t), k(t), (t), (t)) · (t) c(t) (t) 0 (32)
˙ (t) (ρ η) (t) ∂
∂k(t)
(c(t), k(t), (t), (t)) (t) (δ η (ρ η) f ′(k(t))) (33)
k˙(t) ∂
∂ (t)






t c(t) 0 i plication
c(t) 0 ∀t 0 (36)
(t) 0 ∀t 0 (37)
∂2
∂c(t)2
(c(t), k(t), (t), (t)) ′′(c(t)) 0 (38)
∂2
∂k(t)2
(c(t), k(t), (t), (t)) (t)f ′′(k(t)) 0 (39)
∂2
∂c(t)2
(c(t), k(t), (t), (t)) ∂
2
∂k(t)2




(t)f ′′(k(t)) ′′c(t) 0 (40)
(38)-(40) na ic agrangian c(t) k(t) (strictly
concave)
.
k∗(t; δ, η, ρ), c∗(t; δ, η, ρ)
(steady state)
k∗(t; δ, η, ρ) kS(δ, η, ρ) (t ) (41)





͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))






͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamilto ian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))




͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))










͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))




（ , k  μ）＝u′（c）－λ＝
0 から，陰関数定理（implicit function theorem）
を用いて，λの関数としての c ＝ ~c（λ）の傾き
を求めることができる。
͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Β ӄؔ਺ఆཧ (implicit fu ctio theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ
















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))

















͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) : u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻ ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) f(k(t))− (δ + η)k(t)− c˜(λ (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))





͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻ ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f k(t))− (δ + η)k(t)− c˜(λ) ( 5)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ ( ) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))










͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H c(t , k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H( , k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implici function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))












͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ( ) δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t)) (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))





͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c (δ − η ) (43)
(36) (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29 ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ










͠ɺม਺ λ(t) ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k t) − (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ )− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹ ఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))






ρ− η −c˜′(λs(δ, η, η))





上の 2 式を同時に満たすのが，定常状態 ks（δ,
η,ρ）とλs（δ,η,ρ）である。その安定性を




ヤ コ ビ ア ン（Jacobian） 行 列 J（ks（δ,η,ρ）,
λs（δ,η,ρ））をもとめると
͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))





͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))





a iltonian (current value a iltonian) (c(t), k(t), λ(t))
(c(t), k(t), λ(t)) : u(c(t)) λ(t) (f(k(t)) c(t)(δ η)) (43)
(36) (37) Lagrangian(28) (43)
(29) ∂
∂c(t)













λ(t) k(t) shadow price (33) (??)
c(t) λ(t) 1 1 k(t) λ(t)
c(·)
(33) (34) c˜(λ(t))
k˙(t) f(k(t)) (δ η)k(t) c˜(λ) (45)
λ˙(t) λ(t) (δ η (ρ η) f ′(k(t)) (46)
2 λ k dyna ical syste
dyna ical syste (41) (42) (42)
c cs(δ, η, ρ) λ λs(δ, η, ρ) (47)
ks(δ.η, ρ) λs(δ, η, ρ) dyna ical syste (45) (46) λ˙ 0 k˙ 0
f(k(t)) (δ η)k(t) c˜(λ) 0 (48)
λ(t) (δ η (ρ η) f ′(k(t)) 0 (49)
2 ks(δ.η, ρ) λs(δ, η, ρ)
2 (Jacobian)
J (ks(δ.η, ρ), λs(δ, η, ρ))











f ′(k(t)) (δ η) c˜′(λ(t))
λ(t)f ′′(k(t)) δ η ρ η f ′(k(t))
�����
k˙(t)=0,λ˙(t)=0
ρ η c˜′(λs(δ, η, η))




͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))





͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ຊ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ




k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ) (45)
λ˙ t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ















f ′(k(t))− (δ + η) ′ (t))





ρ− η −c˜′(λs(δ, η, η))





͜͜ͰվΊͯɺܦৗՁ஋ Hamiltonian (current value Hamiltonian)H(c(t), k(t), λ(t)) Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
H(c(t), k(t), λ(t)) := u(c(t)) + λ(t) (f(k(t))− c(t)(δ − η)) (43)
(36) ͱ (37) ʹΑΓɺಈֶతܦৗՁ஋ Lagrangian(28) ͱ (43) ͸ ࣭తʹಉҰͷࣜͱͳΔɻ͕ͨͬͯ͠ɺ
(29)ͭ·Γ ∂
∂c(t)
H(c, k, µ) = u′(c)− λ = 0͔Βɺӄؔ਺ఆཧ (implicit function theorem)Λ༻͍ͯɺλͷ












͠ɺม਺ λ(t)͸ɺҰਓ͋ͨΓࢿຊ k(t)ͷ shadow priceͰ͋Δ͜ͱ͸ɺ(33)͔ΒΘ͔Δɻ·ͨɺ(??)ʹΑͬ
ͯɺc(t)ͱ λ(t)͸ 1ର 1ͷؔ܎ʹ͋Δ͜ͱ΋໌Β͔Ͱ͋Δɻ͜ͷޙ͸ɺ͜ͷಈతγεςϜΛ k(t)ͱ λ(t)ͷؔ
܎ͱΈͳ͢͜ͱʹͯ͠ɺٞ࿦Λ͢͢ΊΔ͜ͱʹ͠Α͏ɻ͜Ε͸ɺޮ༻ؔ਺ c(·)ͷؔ਺ܗΛಛఆ ͳ ͨΊʹඞ
ཁͱ͞ΕΔ޻෉Ͱ͋Δɻ
(33)͓Αͼ (34)͓Αͼ c˜(λ(t))ͷఆٛΑΓ࣍ΛಘΔɻ
k˙(t) = f(k(t))− (δ + η)k(t)− c˜(λ (45)
λ˙(t) = λ(t) (δ + η + (ρ− η)− f ′(k(t)) (46)
͜ͷ 2ࣜͰද͞ΕΔ λͱ k ͷ dynamical system͕ɺ͜ΕҎ߱ͷ෼ੳͷओ؟ʹͳΔɻ
্ͷ dynamical system ͷղ͸ɺ(41) ͱ (42) ʹରԠ͍ͯ͠Δɻ͜͜Ͱɺ(42) ͷٯؔ਺Λ࣍ͷΑ͏ʹఆٛ
͢Δɻ
c = cs(δ, η, ρ) ⇐⇒ λ = λs(δ, η, ρ) (47)
ͦͷ্Ͱɺks(δ.η, ρ)ͱ λs(δ, η, ρ) Λ dynamical system (45)ͱ (46)ʹ୅ೖ͢Δͱɺλ˙ = 0 ͱ k˙ = 0ΛಘΔɻ
f(k(t))− (δ + η)k(t)− c˜(λ) = 0 (48)
λ(t) (δ + η + (ρ− η)− f ′(k(t)) = 0 (49)
্ͷ 2 ࣜΛಉ࣌ʹຬͨ͢ͷ͕ɺఆৗঢ়ଶ ks(δ.η, ρ) ͱ λs(δ, η, ρ) Ͱ͋Δɻͦͷ҆ఆੑΛ൑ఆ͢ΔͨΊ
ʹɺ্ 2 ࣜΛఆৗঢ়ଶपΓͰઢܗܝࣔΛ͢ΔɻͦͷͨΊʹɺఆৗঢ়ଶपΓͷϠίϏΞϯ (Jacobian) ߦྻ
J (ks(δ.η, ρ), λs(δ, η, ρ))Λ΋ͱΊΔͱɺ

















f ′(k(t))− (δ + η) −c˜′(λ(t))





ρ− η −c˜′(λs(δ, η, η))










trJ (ks(δ.η, ρ), λs(δ, η, ρ)) = ρ− η > 0 (51)
detJ (ks(δ.η, ρ), λs(δ, η, ρ)) = −λs(δ, ρ, η)c˜′(λs(δ, η, η))f ′′(ks(δ, ρ, η)) < 0 (52)
࣮ਖ਼ํߦྻʹ͓͍ͯɺͦͷߦྻࣜͷ஋͸౰֘ߦྻͷݻ༗஋ (eigen value)ͷੵʹ౳͍͜͠ͱ͸Α͘஌ΒΕͯ
͍Δɻ্ʹड़΂ͨϠίϏΞϯߦྻ J (ks(δ.η, ρ), λs(δ, η, ρ)) ͸ 2× 2Ͱ͋Γɺ͔ͭͦͷߦྻࣜ͸ෛͰ͋Δɻ͞
Βʹɺಉߦྻ͸ඇෛߦྻͰ͋Δ͜ͱ͸ɺܭࢉ݁Ռ͔Β໌Β͔Ͱ͋Δɺ͕ͨͬͯ͠ɺಉߦྻͷݻ༗஋͸࣮਺ͷ 2
ͭͷ஋Λ࣋ͪɺͦΕΒ͸Ұํ͕ਖ਼ͷ஋Ͱɺଞํ͸ෛͷ஋Λ΋ͭɻ͕ͨͬͯ͠ɺզʑͷؔ৺ͷతͰ͋Δఆৗঢ়ଶ
͸ɺҌ఺ (saddle point) Ͱ͋Δ͜ͱ͕Θ͔ΔɻҎԼͰ͸ɺҌ఺ͱͯ͠ͷఆৗঢ়ଶʹؔ৺Λूத͢Δ͜ͱʹ͠
͍ͨɻ
3.2 Ҍ఺ͱҐ૬ਤ
Ҍ఺ఆৗঢ়ଶͷੑ࣭ΛҐ૬ਤʹΑͬͯɺ෼ੳ͢Δ͜ͱΛߟ͑ΔɻͦΕΒ͸ɺλ˙(t) = 0 ͱ k˙(t) = 0 ͱ͍͏
isocline ʹΑͬͯߏ੒͞ΕΔɻ*3·ͣɺ2 ͭͷ isocline ͷަ఺͕ɺఆৗঢ়ଶΛද͢ λ(t) ͱ k(t) ͷ஋Ͱ͋Δɺ
λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱ͋Δ͜ͱΛ֬ೝ͠Α͏ɻ
·ͣ͸ɺλ˙(t) = 0ʹ͍ͭͯͰ͋Δɻಉࣜ͸
λ(t) (δ + η + ρ− η − f ′(k(t))) = 0 (53)
Λҙຯ͢Δ͜ͱ͕ (49)ΑΓɺ໌Β͔Ͱ͋Δɻ͜ͷࣜʹ͸ λ(t)͕ݱΕ͍ͯͳ͍ɻͭ·Γɺλ(t)ͷ஋ͱ͸ಠཱͰ













trJ (ks(δ.η, ρ), λs(δ, η, ρ)) = ρ− η > 0 (51)
detJ (ks(δ.η, ρ), λs(δ, η, ρ)) = −λs(δ, ρ, η)c˜′(λs(δ, η, η))f ′′(ks(δ, ρ, η)) < 0 (52)
࣮ਖ਼ํߦྻʹ͓͍ͯɺͦͷߦྻࣜͷ஋͸౰֘ߦྻͷݻ༗஋ (eigen value)ͷੵʹ౳͍͜͠ͱ͸Α͘஌ΒΕͯ
͍Δɻ্ʹड़΂ͨϠίϏΞϯߦྻ J (ks(δ.η, ρ), λs(δ, η, ρ)) ͸ 2× 2Ͱ͋Γɺ͔ͭͦͷߦྻࣜ͸ෛͰ͋Δɻ͞
Βʹɺಉߦྻ͸ඇෛߦྻͰ͋Δ͜ͱ͸ɺܭࢉ݁Ռ͔Β໌Β͔Ͱ͋Δɺ͕ͨͬͯ͠ɺಉߦྻͷݻ༗஋͸࣮਺ͷ 2
ͭͷ஋Λ࣋ͪɺͦΕΒ͸Ұํ͕ਖ਼ͷ஋Ͱɺଞํ͸ෛͷ஋Λ΋ͭɻ͕ͨͬͯ͠ɺզʑͷؔ৺ͷతͰ͋Δఆৗঢ়ଶ
͸ɺҌ఺ (saddle point) Ͱ͋Δ͜ͱ͕Θ͔ΔɻҎԼͰ͸ɺҌ఺ͱͯ͠ͷఆৗঢ়ଶʹؔ৺Λूத͢Δ͜ͱʹ͠
͍ͨɻ
3.2 Ҍ఺ͱҐ૬ਤ
Ҍ఺ఆৗঢ়ଶͷੑ࣭ΛҐ૬ਤʹΑͬͯɺ෼ੳ͢Δ͜ͱΛߟ͑ΔɻͦΕΒ͸ɺλ˙(t) = 0 ͱ k˙(t) = 0 ͱ͍͏
isocline ʹΑͬͯߏ੒͞ΕΔɻ*3·ͣɺ2 ͭͷ isocline ͷަ఺͕ɺఆৗঢ়ଶΛද͢ λ(t) ͱ k(t) ͷ஋Ͱ͋Δɺ
λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱ͋Δ͜ͱΛ֬ೝ͠Α͏ɻ
·ͣ͸ɺλ˙(t) = 0ʹ͍ͭͯͰ͋Δɻಉࣜ͸
λ(t) (δ + η + ρ− η − f ′(k(t))) = 0 (53)
Λҙຯ͢Δ͜ͱ͕ (49)ΑΓɺ໌Β͔Ͱ͋Δɻ͜ͷࣜʹ͸ λ(t)͕ݱΕ͍ͯͳ͍ɻͭ·Γɺλ(t)ͷ஋ͱ͸ಠཱͰ












trJ (ks(δ.η, ρ), λs(δ, η, ρ)) = ρ− η > 0 (51)
detJ (ks(δ.η, ρ), λs(δ, η, ρ)) = −λs(δ, ρ, η)c˜′(λs(δ, η, η))f ′′(ks(δ, ρ, η)) < 0 (52)
࣮ਖ਼ํߦྻʹ͓͍ͯɺͦͷߦྻࣜͷ஋͸౰֘ߦྻͷݻ༗஋ (eigen value)ͷੵʹ౳͍͜͠ͱ͸Α͘஌ΒΕͯ
͍Δɻ্ʹड़΂ͨϠίϏΞϯߦྻ J (ks(δ.η, ρ), λs(δ, η, ρ)) ͸ 2× 2Ͱ͋Γɺ͔ͭͦͷߦྻࣜ͸ෛͰ͋Δɻ͞
Βʹɺಉߦྻ͸ඇෛߦྻͰ͋Δ͜ͱ͸ɺܭࢉ݁Ռ͔ ໌Β͔Ͱ͋Δɺ͕ͨͬͯ͠ɺಉߦྻͷݻ༗஋͸࣮਺ͷ 2
ͭͷ஋Λ࣋ͪɺͦΕΒ͸Ұํ͕ਖ਼ͷ஋Ͱɺଞํ͸ෛͷ஋Λ΋ͭɻͨ͠ ͬͯɺզʑͷؔ৺ͷతͰ͋Δఆৗঢ়ଶ
͸ɺҌ఺ (saddle point) Ͱ͋Δ͜ͱ͕Θ͔ΔɻҎԼͰ͸ɺҌ఺ͱͯ͠ͷఆৗঢ়ଶʹؔ৺Λूத͢Δ͜ͱʹ͠
͍ͨɻ
3.2 Ҍ఺ͱҐ૬ਤ
Ҍ఺ఆৗঢ়ଶͷੑ࣭ΛҐ૬ਤʹΑͬͯɺ෼ੳ͢Δ͜ͱΛߟ͑ΔɻͦΕΒ͸ɺλ˙(t) = 0 ͱ k˙(t) = 0 ͱ͍͏
isocline ʹΑͬͯߏ੒͞ΕΔɻ*3·ͣɺ2 ͭͷ isocline ͷަ఺͕ɺఆৗঢ়ଶΛද͢ λ(t) ͱ k(t) ͷ஋Ͱ͋Δɺ
λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱ͋Δ͜ͱΛ֬ೝ͠Α͏ɻ
·ͣ͸ɺλ˙(t) = 0ʹ͍ͭͯͰ͋Δɻಉࣜ͸
λ(t) (δ + η + ρ− η − f ′(k(t))) = 0 (53)
Λҙຯ͢Δ͜ͱ͕ (49)ΑΓɺ໌Β͔Ͱ͋Δɻ͜ͷࣜʹ͸ λ(t)͕ݱΕ͍ͯͳ͍ɻͭ·Γɺλ(t)ͷ஋ͱ͸ಠཱͰ








































trJ (ks(δ.η, ρ , λs(δ, η, ρ)) = ρ− η > 0 (51)
detJ (ks(δ.η, ρ), λs(δ, η, ρ)) = −λs(δ, ρ, η)c˜′(λs(δ, η, η))f ′′(ks(δ, ρ, η)) < 0 (52)
࣮ਖ਼ํߦྻʹ͓͍ͯɺͦͷߦྻࣜͷ஋͸౰֘ߦྻͷݻ༗஋ (eigen value)ͷੵʹ౳͍͜͠ͱ͸Α͘஌ΒΕͯ
͍Δɻ্ʹड़΂ͨϠίϏΞϯߦྻ J s(δ.η, ρ), λs(δ, η, ρ)) ͸ 2× 2Ͱ͋Γɺ͔ͭͦͷߦྻࣜ͸ෛͰ͋Δɻ͞
Βʹɺಉߦྻ͸ඇෛߦྻͰ͋Δ͜ͱ͸ɺܭࢉ݁Ռ͔Β໌Β͔Ͱ͋Δɺ͕ͨͬͯ͠ɺಉߦྻͷݻ༗஋͸࣮਺ͷ 2
ͭͷ஋Λ࣋ͪɺͦΕΒ͸Ұํ͕ਖ਼ͷ஋Ͱɺଞํ͸ෛͷ஋Λ΋ͭɻ͕ͨͬͯ͠ɺզʑͷؔ৺ͷతͰ͋Δఆৗঢ়ଶ
͸ɺҌ఺ (saddle point) Ͱ͋Δ͜ͱ͕Θ͔ΔɻҎԼͰ͸ɺҌ఺ͱͯ͠ͷఆৗঢ়ଶʹؔ৺Λूத͢Δ͜ͱʹ͠
͍ͨɻ
3.2 Ҍ఺ͱҐ૬ਤ
Ҍ఺ఆৗঢ়ଶͷੑ࣭ΛҐ૬ਤʹΑͬͯɺ෼ੳ͢Δ͜ͱΛߟ͑ΔɻͦΕΒ͸ɺλ˙(t) = 0 ͱ k˙(t) = 0 ͱ͍͏
isocline ʹΑͬͯߏ੒͞ΕΔɻ*3·ͣɺ2 ͭͷ isocline ͷަ఺͕ɺఆৗঢ়ଶΛද͢ λ(t) ͱ k(t) ͷ஋Ͱ͋Δɺ
λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱ͋Δ͜ͱΛ֬ೝ͠Α͏ɻ
·ͣ͸ɺλ˙(t) = 0ʹ͍ͭͯͰ͋Δɻಉࣜ͸
λ(t) (δ + η + ρ− η − f ′(k(t))) = 0 (53)
Λҙຯ͢Δ͜ͱ͕ (49)ΑΓɺ໌Β͔Ͱ͋Δɻ͜ͷࣜʹ͸ λ(t)͕ݱΕ͍ͯͳ͍ɻͭ·Γɺλ(t)ͷ஋ͱ͸ಠཱͰ
























trJ (ks(δ.η, ρ), λs(δ, η, ρ)) = ρ− η > 0 (51)
detJ (ks(δ.η, ρ), λs(δ, η, ρ)) = −λs(δ, ρ, η)c˜′(λs(δ, η, η))f ′′(ks(δ, ρ, η)) < 0 (52)
࣮ਖ਼ํߦྻʹ͓͍ͯɺͦͷߦྻࣜͷ஋͸౰֘ߦྻͷݻ༗஋ (eigen value)ͷੵʹ౳͍͜͠ͱ͸Α͘஌ΒΕͯ
͍Δɻ্ʹड़΂ͨϠίϏΞϯߦྻ J (ks(δ.η, ρ), λs(δ, η, ρ)) ͸ 2× 2Ͱ͋Γɺ͔ͭͦͷߦྻࣜ͸ෛͰ͋Δɻ͞
Βʹɺಉߦྻ͸ඇෛߦྻͰ͋Δ͜ͱ͸ɺܭࢉ݁Ռ͔Β໌Β͔Ͱ͋Δɺ͕ͨͬͯ͠ɺಉߦྻͷݻ༗஋͸࣮਺ͷ 2
ͭͷ஋Λ࣋ͪɺͦΕΒ͸Ұํ͕ਖ਼ͷ஋Ͱɺଞํ͸ෛͷ஋Λ΋ͭɻ͕ͨͬͯ͠ɺզʑͷؔ৺ͷతͰ͋Δఆৗঢ়ଶ
͸ɺҌ఺ (saddle point) Ͱ͋Δ͜ͱ͕Θ͔ΔɻҎԼͰ͸ɺҌ఺ͱͯ͠ͷఆৗঢ়ଶʹؔ৺Λूத͢Δ͜ͱʹ͠
͍ͨɻ
3.2 Ҍ఺ͱҐ૬ਤ
Ҍ఺ఆৗঢ়ଶͷੑ࣭ΛҐ૬ਤʹΑͬͯɺ෼ੳ͢Δ͜ͱΛߟ͑ΔɻͦΕΒ͸ɺλ˙(t) = 0 ͱ k˙(t) = 0 ͱ͍͏
isocline ʹΑͬͯߏ੒͞ΕΔɻ*3·ͣɺ2 ͭͷ isocline ͷަ఺͕ɺఆৗঢ়ଶΛද͢ λ(t) ͱ k(t) ͷ஋Ͱ͋Δɺ
λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱ͋Δ͜ͱΛ֬ೝ͠Α͏ɻ
·ͣ͸ɺλ˙(t) = 0ʹ͍ͭͯͰ͋Δɻಉࣜ͸
λ(t) (δ + η + ρ− η − f ′(k(t))) = 0 (53)
Λҙຯ͢Δ͜ͱ͕ (49)ΑΓɺ໌Β͔Ͱ͋Δɻ͜ͷࣜʹ͸ λ(t)͕ݱΕ͍ͯͳ͍ɻͭ·Γɺλ(t)ͷ஋ͱ͸ಠཱͰ
















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)























ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)




















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜( ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)

















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)





















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸




f ′(k)− (δ + η)
c˜′(λ)
< 0 (57)















ਤ 1 λ˙ = 0ͷ isoclineͱϕΫτϧ৔
Ұํɺk˙(t) = 0ͷ isoclineͷܗঢ়͸ɺ΍΍ෳࡶͳखଓ͖Λඞཁͱ͢Δɻ͍·ɺ(45)͔Βɺӄؔ਺ λˆ(k)Λ࣍
ͷΑ͏ʹఆٛ͢Δɻ
λˆ(k) = arg {f(k)− (δ + η)k − c˜(λ) = 0} (55)
͜ͷࣜͱ c˜(λ)ͷఆٛΑΓɺλˆ(k)ͷ܏͖Λӄؔ਺ఆཧʹΑͬͯٻΊΔɻ·ͣɺk˙(t) = 0ͷ࣌ʹ͸





′(k)− (δ + η)
c˜′(λ)
< 0 (57)





























ਤ 3 steady stateͱϕΫτϧ৔
8
図 2 　 k
4
＝ 0 の isoclineとベクトル場
図 3 　steady stateとベクトル場









4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))
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4 　比較動学













4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))




































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰ ఆৗঢ়ଶ͕ͲͷΑ͏ʹ ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺ ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶ ఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− )− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))


















ρ− η −c˜′(λs(δ, η, η))



































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs(δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))


































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ͷӨڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽ ɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔ ʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, )− c˜(λs(δ, η, ρ)) 0 (60)
λs(δ, η, ρ) {(δ + + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))


































4.1 λs(δ, η, ρ)͓Αͼ ks(δ, η, ρ)΁ Өڹ
͜͜Ͱ͸ɺఆ਺ͱͨ͠ύϥϝʔλʔͷมԽͰɺఆৗঢ়ଶ͕ͲͷΑ͏ʹมԽ͢Δͷ͔ΛՄೳͳݶΓ෼ੳ͢Δ͜
ͱʹ͢Δɻఆৗঢ়ଶ͸ λs(δ, η, ρ)ͱ ks(δ, η, ρ)Ͱද͞ΕΔɻ͜ͷ஋͕ɺύϥϝʔλʔ δ, η, ρͷมԽʹΑͬͯɺ
ͦΕͧΕͲ͏มԽ͢Δ͔Λ֬ఆͰ͖ΔൣғͰ୳Δ͜ͱʹ͢Δɻ
ఆৗঢ়ଶͷఆٛʹΑΓɺͭ͗ͷؔ܎͸߃౳ʹ੒ཱ͢Δɻ
f(ks(δ, η, ρ))− (δ + η)ks(δ, η, ρ)− c˜(λs δ, η, ρ)) = 0 (60)
λs(δ, η, ρ) {(δ + η + ρ− η)− f ′(ks(δ, η, ρ))} = 0 (61)
͜ͷ྆ࣜΛ δ Ͱඍ෼͢Δͱ࣍ΛಘΔɻ
(
f ′(k(t))− (δ + η) −c˜′(λ(t))



















ρ− η −c˜′(λs(δ, η, η))




































͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η) s(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)



















ks(δ, η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))





















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ
> 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ




͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)



















ks(δ, η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))
detJ < 0 (68)




















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ






͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)


















ks(δ, η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))





















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ
> 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ




͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)



















ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λs(δ, η, ρ))
0 0 �
/
detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs( , , )f ′′(ks(δ, η, ρ))





















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ
> 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ




͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
























detJ = 0 (67)
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




























ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ










ks(δ, η, ρ) −c˜′(λ(t))









ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)



















ks(δ, η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))





















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ




͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, , ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)



















ks(δ, η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))





















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ
> 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ




͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)



























λs(δ, η, ρ) =
�����
ρ− ks(δ, η, )




























ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ






͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′ λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)


















s(δ, η, ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)



























ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ






͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))
λs(δ, η, ρ) 0
����� detJ
= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)


















ks( , η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))




















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ







ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ /detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)






























ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))























0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ
> 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ
ఆৗঢ়ଶʹରԠ͢Δফඅਫ४ cs(δ, η, ρ)͸, ϞσϧͰ͸ӨʹӅΕͯ͠·͍ͬͯΔ͕ɺύϥϝʔλʔ η, ρͷม
Խʹ͍ͭͯ͸ɺ࣍ͷΑ͏ʹͯ͠஌Δ͜ͱ͕ग़དྷΔɻ
10
͜ Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)


















ks(δ, η, ρ) =
�����




detJ = 0 (67)
∂
∂η
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)





s(δ, η, ρ)λs(δ, η, ρ)f ′′(ks(δ, η, ρ))





















ks(δ, η, ρ) =
�����
0 −c˜′(λs(δ, η, ρ))









λs(δ, η, ρ) =
�����
ρ− η 0




s(δ, η, ρ)(ρ− η)
detJ
> 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ
ఆৗঢ়ଶʹରԠ͢Δফඅਫ४ cs(δ, η, ρ)͸, ϞσϧͰ͸ӨʹӅΕͯ͠·͍ͬͯΔ͕ɺύϥϝʔλʔ η, ρͷม
Խʹ͍ͭͯ͸ɺ࣍ͷΑ͏ʹͯ͠஌Δ͜ͱ͕ग़དྷΔɻ
10
͜ ͔Β Cramer ެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η ρ) =
�����
ks(δ, η −c˜′(λ t
λs(δ, η ρ) 0
����� detJ
= (c˜′ λ t) λs(δ, η ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η ρ) =
�����
ρ− ks(δ, η ρ)
−λs(δ, ρ η)f ′′(ks(δ, ρ η) λs(δ, η ρ)
����� detJ (64)
= (ρ− η)λs(δ, η ρ) + s , λs(δ, ρ η)f ′′(ks(δ, ρ η) /detJ →ʢූ߸ෆఆʣ (65)
















ks(δ, η ρ) =
�����
ks(δ, η ρ) −c˜′(λs(δ, η ρ)
0 0
����� detJ = 0 (67)
∂
∂
λs(δ, η ) =
�����
ρ− η ks(δ, η ρ)
−λs(δ, η ρ) f ′′(ks(δ, η ρ) 0
����� detJ
= −k
s(δ, η ρ)λs(δ, )f ′′(ks(δ, η ρ)





















ks(δ, η ρ) =
�����
0 c˜′(λs(δ, η ρ)
−λs(δ, η ρ) 0
����� detJ =





λs(δ, η ρ) =
�����
ρ− η 0
−λs(δ, η ρ)f ′′(ks(δ, η ρ) −λs(δ, η ρ)
����� detJ =
−λs(δ, η ρ)(ρ− η)
detJ
> 0 (71)
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∂
∂δ
ks( , , ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
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�
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∂
∂η
λs(δ, η, ρ) =
�����
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�
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∂
∂δ
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= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
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= (ρ− η)λs , , ρ) + ks(δ η, λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
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detJ > 0 (71)
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ఆৗঢ়ଶʹରԠ͢Δফඅਫ४ cs(δ, η, ρ)͸, ϞσϧͰ͸ӨʹӅΕͯ͠·͍ͬͯΔ͕ɺύϥϝʔλʔ η, ρͷม
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∂
∂δ
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∂
∂δ
λs(δ, η, ρ) =
�����
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= (ρ− η)λs(δ, η, ρ) + ks(δ, η, λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
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∂
∂δ
λs(δ, η, ρ) =
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∂
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∂
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∂
∂δ
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∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
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∂
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�����
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detJ > 0 (71)
4.2 cs(δ, η, ρ)΁ͷӨڹ
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Խʹ͍ͭͯ͸ɺ࣍ͷΑ͏ʹͯ͠஌Δ͜ͱ͕ग़དྷΔɻ
10
͔͜͜Β CramerͷެࣜΛ࢖ͬͯɺύϥϝʔλ δ ͕ఆৗঢ়ଶʹ΋ͨΒ͢ӨڹΛධՁ͢Δɻ
∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η (δ, , )




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
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∂
∂δ
ks(δ, η, ρ) =
�����
ks(δ, η, ρ) −c˜′(λ(t))




= (c˜′(λ(t)))λs(δ, η, ρ)/detJ > 0 (63)
∂
∂δ
λs(δ, η, ρ) =
�����
ρ− η ks(δ, η, ρ)




= (ρ− η)λs(δ, η, ρ) + ks(δ, η, ρ)λs(δ, ρ, η)f ′′(ks(δ, ρ, η))/detJ →ʢූ߸ෆఆʣ (65)
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cs(δ, η, ρ) = c˜′(λs(δ, η, ρ)) ∂
∂η
λs(δ, η, ρ) > 0 (72)
∂
∂ρ
cs(δ, η, ρ) = c˜′(λs(δ, η, ρ)) ∂
∂ρ
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